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INTRODUCTION 
The use of pasture to provide low cost feed for dair y 
and other farm animals is an important factor in the success 
of livestock operations. 
Some of the factors which influence the income from 
pasture land are : management, pasture mix, and climate. 
The management of a pasture can determine to a great extent 
the value of pasture in a farming enterprise. Irrigati ng 
t he pasture at the right time, using the right fertilizer, 
and proper methods of harvesting are examples of some of 
the management problems facing the grassland farmer . 
The development of pasture mixes t hat produce a high 
yiel ding, palatable and succulent feed has helped make 
pasture a pr ofitabl e crop. It is important to understand 
the growth patterns of individual grasses and legumes when 
grown as single pasture components or as part of a pasture 
mix. The growth patterns of t he grasses and legumes in 
the pasture mix he lp determine t he best type of mix to 
furnish the type and quali ty of forage needed throughout 
the pasture season . There has been extens ive research on 
pasture management and the development of pasture mixe s . 
Climate is a factor which affects most phases of 
pas t ure production . Climate has been studied in connection 
with management and the development of the pasture mixes. 
I t has be e n noted t hat the weather co nditions as reported 
by the weather stations do not always apply to an indi-
vidual area such as a farm or a field. Limited studies 
in this type of research have shown appreciable climatic 
differences even within small fields . 
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Microclimate is a word used to describe the climate 
in a localized area such as a city, a hundred acre farm, 
or even a single blade of grass. Studies of the micro-
climate of forage crops are relatively new. Information 
obtained from studying microclimate of pasture may be very 
useful in obtaining the highest quality and yields of 
forage. 
Temperature is one of the climatic factors of a micro-
climate. The term microtemperature is used to describe the 
temperature of the microclimate. Several studies have been 
conducted on the microtemperature of bare soil as related 
to air temperature. Temperature differences between plant 
forages and air can be studied in a similar way. Research 
on microtemperature of pasture is very limited. 
A study of microtemperature of a high yielding grass-
legume pasture was conducted to obtain information on the 
influence of forage height during a growing season on air 
temperatures within 24 inches of t he soil . Yield and 
chemical composition data were collected for each harvest 
period and compared with temperature data. 
REVIEW OF LITERATURE 
A large portion of pasture research has been concerned 
with the development of pasture mixes that yield a rela-
tively constant amount of high quality forage throughout 
the pasture season . Economical methods of forage harvesting 
also have been studied extensively. 
Onl y in the last few years has attention been focused 
upon the microclimate of the pasture . Temperatures reported 
by most weather stations have been obtaine d from equipment 
located within shelters 4 to 6 feet above t he ground, these 
temperatures can often be very misleading when relating them 
to plant growth. Sprague et al. (20) reported that during 
a three year period in Maryland, New Jersey, Penns y lvania, 
and Vermont , the mean daily temperatures were the same at 
3 inches and at 5 feet above a Kentucky bluegrass sod. The 
highest maximum and the lowest minimum temperatures were 
obtained at the 3 inch level and the greatest differ ences 
between the extremes were found at the more southerly 
locations and during mid-summer. 
Sward maintenance is a major concern of grassland 
farmers. It has been noted that severe losses of grasses 
and legumes in the sward during winter and summer may be 
reduced by maintaining a mulch cover t hus reducing temper-
ature extremes. Beil et al . ( 6) state that in direct 
sunlight during mid-summer, ladino c lover stolons have 
been observed in Pennsylvania to reach 122 F . Shaded 
tissues seldom exceed 90 F . On one winter day, thermo-
couples placed inside ladino clover stolons, recorded 
temperatures of 4 F at 6 :30 A . M. and 47 F at 2 P . M. A 
few inches away temperatures of stolons under a 3 inch 
mulch of orchard grass were 16 and 31 F at the same 
corresponding times. During a 4 hour period later the 
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same day the temperatures of the uncovered stolons dropped 
to 16 F and t he temperatures of stolons under the mulch 
dropped to 22 F . Air temperature 5 feet above ground 
level dropped from 22 to 20 F during the same 4 hour 
period. Subsequent laboratory studies showed that rapid 
cooling (7-10 F per hour ) below freezing point resulted in 
far more severe cold injury to the plants than slow cooling 
(2 F per hour) . Serious winter losses were also noted in 
the field among unprotected stolons. 
The following table was presented by Champness (8) 
to show the influence of a 2 to 3 inch c lover cover on 
ground and air temperatures . (The values have been con-
verted to Fahrenheit . ) 
white c lover bare ground 
3 inches above ground 82° 83° 
2 inches above ground 85° 84° 
1 inch above ground 81° 87° 
ground level 77° 95° 
s 
Davies (9) presents additional information concerning 
ground temperatures and forage cover which follow these 
same general temperature changes associated with forage 
cover. Champness (8) also presents a graph showing temper-
ature variations with taller and mixed forages. The graph 
illustrates that with a forage cover, the highest temper-
ature was recorded at the top of the most dense forage with 
a sharp decline to the ground level . These observations 
follow the same trends as information presented by Geiger 
(lO) . 
Slope of the land also affects microclimate. In 1912 
it was recognized that a 2° slope to the land has much the 
same effect as changing the solar climate 140 miles in 
latitude (1) . From such data it might be expected that 
the microclimate of a pasture in northern Utah with a S0 
southern slope wil l have many similarities to the micro-
climate of a pasture in southern Utah with a S0 northern 
slope . Researchers studying microclimate generally agree 
that the more extreme temperature variations are found on 
t he areas of land having a south or southeasterly slope 
and loss of soi l moisture is least (on t he same type of 
soil) on land with a northern slope (1, 16, 19, 21). 
It has been shown t hat there is a relations h ip between 
temperature, light intensity, and plant growth. Gist and 
Matt (11 ) presented data s howing the most growth of roots 
and above-ground forage of alfalfa, red clover, and 
b irdsfoot trefoil at a temperature of 60 F with 1200 fc 
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light. They indicate with an increase in light intensity 
that maximum growth would be obtained at a temperature 
above 60 F. An increase in temperature without an increase 
in light would result in slower growth. 1200 fc of light 
was the greatest light intensity used in their study. 
Blackman (7) reported that there is little or no 
growth where soil temperature is below 42 F. When soil 
temperature was between 42 and 47 F there was a marked 
increase in growth rate of forage in the plots where 
nitrogen was added, but with temperature above 47 F the 
growth rate was similar in all plots. He also showed that 
addition of nitrogen resulted in a higher nitrogen content 
in the forage, but that increased growth due to nitrogen 
was directly associated with the length of time the soil 
temperature remained between 42 and 47 F . 
The study of microclimate with forage crops is 
re l atively new. Much helpful information for t he grass-
land farmer can be obtained from the study of temperature 
variations in the microclimate caused by the amount and 
type of for age . 
PROCEDURE AND EQUIPMENT 
The pasture used in this study was a grass-legume 
mixture established in 1950 at the Utah State University 
Dairy Experimental Farm near Logan, Utah . During 1959 it 
was being used on a grazing versus green chop study . The 
pasture was managed for the grazing versus green chop 
study . 
Dur ing 1957 , the entire pasture was clipped and the 
forage haul e d to the cows. Ten tons of barnyard manure 
were added per acre to the pasture during this year . In 
1958 the pasture was subdivided into six equal plots with 
alternate plots grazed or clipped . Fifteen tons of barn-
yard manure and 135 pounds of phosphate per acre were added 
to all plots. The plots that were grazed r eceived additional 
fertilizer of dung and urine from the cows during the grazing 
periods. During 1959 only the grazed plots received any 
form of fertilizer, and that included only the fertilizer 
from the cows while grazing . 
The plots that were grazed were harvested five times 
while those c lipped were harvested four times. Onl y the 
information obtained during the first four harvests was 
used for the comparisons in this study. The pastures 
were flood irrigated five times during the 1959 pasture 
season . 
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The temperature readings were obtained by the use of 
mercury t h ermometers which were compared before the trial 
for accuracy over the range of 50 F to 100 F . F ive 
t h ermometers with the most uniform readi ngs we r e used . 
(For standardization records see Table 2 . ) 
Two lar ge nails were partially driven i nto one end 
of a 1 inch by 6 inch by 3 foot board (Figure 1) and then 
the heads of the nails were cut off making prongs which 
would hold the board upright when placed in t he ground. 
A one-half inch foam rubber sheet was tacked to one side 
of the board and the thermometers were held in place against 
the foam rubber by elastic bands. The foam rubber was re-
moved from t he area near the mercury bulb of each thermometer 
to al low air circul ation around the bulb . The thermometers 
wer e place d at ground level and 6, 12 , 18 , and 24 inches 
above the ground. 
Te mperature readings were recorde d at random times 
and a t random locations in the pasture during t he pasture 
season. The t hermometer board was placed so that t he 
t hermometer s were faci ng away from t he d irect sun. A 
period of 5 minutes was all owe d for the thermometers to 
stabilize before the temperatures were recorded. The time 
of day and heigh t of forage was noted each time the temper-
atures we r e recorded . 
Forage samples were taken just prior to t he clipping 
or grazing of each harvest. Samples were obta ined by 
clipping two stri ps 36 inches by 20 feet in e ach plot with 
9 
Figure l. Equipment used for obtaining temperatures 
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a 36 inch Jerry power hand mower. The total weight of 
forage was r ecorded and a sample obtained from each 20 foot 
strip. After air drying, these samples were ground in a 
Wiley mill and composited to a single sample from each 
plot for each harvest . Samples were analyzed for moisture , 
ether extract, fiber, ash, nitrogen, and phosphorus, the 
values obtained were averaged for the whole pasture. 
Analytical procedures are outlined in AOAC (2) except for 
phosphorus, which was determined according to the procedure 
of Koenig and Johnson (15). 
RESULTS AND DISCUSSION 
Tenperatures 
The microtemperatur e for each harvest period are shown 
in Figures 2 and 3 . Figur e 2 inc l u de s average temperatures 
fo1 each of the four harvest when the forage was less than 
6 inches in height . 
Temperatur es obtained before t he first h arvest (May 15) 
incicate , where the forage is short, that the forage of 
this pasture had little effect on the temperature above 
grcund level . The higher temperature at ground level might 
be expected, because the forage of the pasture mix at this 
height did not completely s hade the ground. Heat from the 
sun warms the ground more than it does the air. 
Dur ing the second , third, and fourth periods of growth, 
where the forage was l ess than 6 inches high (Figure 2), 
hig<er temperatures at the 6 inc h l e vel as compared with 
temeratures above 6 inches cou ld possibly be due to 
reflection or radiation from t he heated ground due to t he 
warner season. Warm air rising from the soil could help 
explain the fact that during the third and fourth harvest 
penods there was relatively little difference between 
tem1erature values at the ground and 6 inch levels wi.th 
for1ge less than 6 inches high. It is possible that this 
moV!ment of air cou ld cause enough circulation to keep the 
so 
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temperature nearly the same at the ground and 6 inch 
temperature levels. Forage less than 6 inches high would 
not appreciably interfere with such air circulation . The 
mean value for each he ight of temperature readings where 
the forage was less than 6 inches high indicated t h at only 
those at t h e 6 inch and ground levels were different from 
atmospheri c temperature . 
The temperature pattern changed when the forage was 
high enough to shade t he ground (Figur e 3) . During t he 
first and fourth harvest periods t he maximum forage height 
was about 12 inches. Temperature relationships during the 
two periods were similar . Temperatures at t he 24, 18 , and 
12 inc h levels were nearly t he same, somewhat higher at 
the 6 inch level and cooler near the ground. 
The forage grew to heights above 18 inches during the 
second and third harvest periods. Data for these periods 
(Figure 3) indicate that with the taller forage, tempera-
t ur es at the 12 inc h l e ve l are higher than at the 18 and 
24 inch levels . Mean temperatures of t he second and third 
harvest periods show a sharp increase from t h e ground to 
6 inch leve l then decrease at each level from 6 to 24 
inches. 
I t is interesting to note that during t h e last three 
harvest periods, which were t he hottest of the season, that 
the temperature at t he ground l eve l was the lowest recorded 
during each period. Forage cover may have i nfluenced these 
low tempera tures by shading and interfering with air 
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circulation. The h ighest temperatures we r e r ecorded near 
the area just above t he dense forage of t he pasture. In 
the more mature pastur e forage this appear e d to be near 
the top of the ladino clover. 
Data we r e e valuated by an analysis of variance (Table 
1) . A large samp ling error limite d interpretation of 
harvest period and harvest period by forage height inter-
action . Assumi ng that the residual is a valid error term , 
the heigh t of temperature measurement, forage height, and 
height of temperature by height of for age interaction are 
significant (P . 01) . 
Tabl e 1 . Analysis of variance 
Sour ce d. f. s.s . 
Harvest 3 138.89 
Height of temp . 
measurement 4 5 . 72 
Harvest and he ight 
of temp. meas . 12 2 . 73 
Forage height 1 162 . 01 
Har vest and for age 
heigh t 3 189 . 20 
Height of temp . me as . 
and f orage height 4 6.39 
Residual 12 2 . 37 
Total 39 1757 . 32 
aconf ounded with sampling error 
**Significant at . 01 level 
m. s. F . 
462.96a 
1.43 7.15** 
.23 1 . 15 
162 . 01 810 . 0** 
63 . 07a 
1.60 8 . o** 
.20 
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Where forage is less than 6 inches high (Figure 2) 
temperatures are lower for the first two harvest periods 
than where the forage is greater than 6 inches high (Figure 
3). The temperatures for the forage less than 6 inches 
high (Figure 2) were obtained during the first part of each 
harvest period and those for for age greater than 6 inches 
high (Figure 3) were obtained during the last of the harvest 
period. The differences in temperatures follow the trend 
of a warming season. Tempe ratures during the third harvest 
period for both forage heights should be similar . The 
difference noted could be due to the random method of 
sampling and daily temperature variations . 
During the first 14 days of September the mean daily 
temperature was warmer than the last 14 days of August 
(See Figure 8e and Sf) . The difference in seasonal temper-
ature could account for the higher temperature values of 
the fourth harvest where forage is higher than 6 inches 
(Figure 3) than those of the fourth harvest where forage 
is less than 6 inches high (Figure 2) . 
Figures 4, 5, and 6 show the relationship between the 
heights at which the temperatures were obtained and the 
time of day for each of three heights of forage growth. 
The three figures were prepared using the averages of data 
collected during the entire pasture season and segregated 
according to time of day and height of forage. The data 
in Figures 4, 5 , and 6 were not suitable for statistical 
analysis. 
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For the pe riod of time befor e 10 A . M. and from 10 A.M . 
to 11 A .M. where forage was less than 6 inches high (Figure 
4) the temperature at ground level was lower than the 
temperature at the 6 inch level . After 11 A.M . the temper-
atures at ground level were increasingly warmer than at the 
6 inch level. The effect of the sun of heating the soil 
during the day was evident when the forage cover was short. 
Wher e the forage was taller (Figure 5) there were only 
small tempe rature differences at the different levels of 
measurement during the early part of the day. The temper-
ature readings at ground level were lower throughout the 
day than at the 6 inch levels with forage 6 to 12 inches 
high. When the forage was from 12 to 18 inches high (Figure 
6) the temperature pattern was similar to that noted for 
for age 6 to 12 inches high (Figure 5) but with a more marked 
temperature decline from the 6 inch level to ground level. 
Thi.s study covers a type of research that is relatively 
new and needs more research e spec ially on certain phases. 
Temperature data obtained at certain times during the day 
and at regular intervals during the growing season could 
be analyzed statistically. A complete record of weather 
conditions also might be helpful in a future study . 
Yield and chemical composition 
Yield and composition of forage are presented in Fi gure 
7. The first harvest of the pasture yielded less than the 
second, as a result of early harvest date of first harvest. 
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The early harvest date was part of routine pasture rotation 
harvest. The third and fourth harvests were progressive ly 
smaller than the second. 
The first harvest of the pasture mix studied had 
relatively more grasses than legumes. The second harvest 
had about equal amounts of grass and legume, while the 
third had a higher percent legume, and the fourth more 
grass. 
Fiber content of the forage followed a trend similar 
to yield during the four harvests with a higher fiber 
content in the second and third harvests. Phosphorus con-
tent was nearly constant throughout the four harvest 
periods, with a rise during the second and third harvests 
possible associated with the difference in the grass-legume 
ratio in the forage . Tables of feed composition (17) s how 
that legumes usually have a higher phosphorus content than 
grasses. 
The amount of nitrogen (or protein) in the forage 
appears inversely related to the yield and fiber content. 
The nitrogen content of the fourth harvest was slightly 
l ower than expected, although no explanation is evident. 
The ash content appeared normal for the first three harvests. 
As h content for the fourth harvest was higher than antici-
pated, although for the same pasture area in 1958 and 1960 
ash content during the season was similar to that for 1959 
(Figure 9) . 
Fat or ether extract content of the four harvests 
followed a slightly different pattern than expected from 
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usual botanical composition . In composition tables (17) 
legumes have a lower ether extract content than grasses . 
In 1958, the content of ether extract followed the same 
trend for harvests as 1959, however, in 1960 the trend 
was reversed (Figure 9) . A relationship may exist between 
temperature and fat content of the pasture forage since the 
c urves follow similar trends (Figures .2, 6), although in 
this study there is insufficient information to evaluate 
such a relationship. Further study concerning the relation-
ship of temperature and the ether extract content would b e 
helpful. 
SUMMARY 
The effect of the height of forage of a high yielding 
grass-legume pasture upon the microtemperature of the 
pasture was studied. Yield and chemical composition of 
the forage were obtained and studied for each of the harvest 
periods. Because of the sampling method, a statistical 
analysis of the data was limited. 
It was found that the temperature at selected levels 
above the soil was related to height of forage. Forage 
less than 6 inches in height affected the temperatures 
primarily in the area within 12 inches above the soil. 
With the shm·t forage the highest temperature readings were 
recorded at ground level . When the forage was taller than 
6 inches, the highest temperatures were noted at a height 
near t he top of the most dense forage growth. With the 
taller forage the temperature at ground level remained 
cooler because of the forage cover. 
Yield and chemical composition of t he forage followed 
the trends which might be expected of a succulent, high 
yielding pasture . The second harvest yielded the most 
forage because of the rotational grazing system employed. 
The ash content of the fourth harvest was higher than 
expected but was similar to the preceeding and following 
years. 
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Table 2 . Thermomete r calibration 
No. Temperatur e in degrees fahrenhei t 
First calibration (April) 
la 101 98 88 81 72 56 
2 102 98.5 88.1 81.5 72.2 56 
3 101 . 5 98 87 . 8 81 71.8 56.2 
4 101 97 . 7 87.8 80.5 71.8 55.9 
5 101.5 98 88 81 72 55.9 
6 102 98.1 88 . 1 81 72 56 . 1 
7 102 98 .2 88 .2 81.2 72.2 57 
8a 101 98 88 80.5 72 56 
9 102 98 . 2 89 81.5 73 57 
lOa 101 98 88 81 72 56 
ua 101 98 88 81 72 56 
12a 101 98 88 81 72 56 
Calibration check (July) 
1 100 96.5 85 78 68 50 
8 100 96.5 85 77.8 68 50 
10 100 96.5 85 78 68 50 
11 100.1 96.5 85 78 68 50 
12 100 96 .5 85 78 68 50 
aThermometers used for collecting experimental data 
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Figure Sa . Average daily maximum and mLnLmum temperatures 
from three weather s tations: KVNU , USU , Green-
ville Farm (April) 
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Figure 8b. Average daily maximum and minimum temperatures 
from three weather stations: KVNU, USU, 
Greenville Farm (May) 
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Figur e 8c . Average daily maximum and m1n1mum temperatures 
from three weather stations : KVNU, USU, 
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Figure 8d. Average daily maximum and minimum temperature 
from three weather stations: KVNU, USU, 
Greenville Farm (July) 
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Figur e 8e . Average daily maximum and m1n1mum temperatures 
from three weather stations: KVNU, USU, 
Greenville Farm (August) 
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Figure Sf. Average daily maximum and m~n~mum temperatures 
from three we ather stations: KVNU, USU, 
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